We have isolated two genes from yeast encoding 3-hydroxy-3-methylglutaryl-coenzyme A reductase [hydroxymethylglutaryl-coenzyme A reductase (NADPH); HMG-CoA reductase; EC 1.1.1.34], the rate-limiting enzyme of sterol biosynthesis. These genes, HMGI and HMG2, were identified by hybridization to a cDNA clone encoding hamster HMG-CoA reductase. DNA sequence analysis reveals homology between the amino acid sequence of the proteins encoded by the two yeast genes and the carboxyl-terminal half of the hamster protein. Cells containing mutant alleles of both HMGI and HMG2 are unable to undergo spore germination and vegetative growth. However, cells containing a mutant allele of either HMGI or HMG2 are viable but are more sensitive to compactin, a competitive inhibitor of HMG-CoA reductase, than are wild-type cells. Assays of HMG-CoA reductase activity in extracts from hmglP and hmg2-mutants indicate that HMG1 contributes at least 83% of the activity found in wild-type cells.
3-Hydroxy-3-methylglutaryl-coenzyme A reductase [hydroxymethylglutaryl-coenzyme A reductase (NADPH); HMG-CoA reductase; EC 1.1.1.34] is the rate-limiting enzyme of the sterol biosynthetic pathway. This pathway produces all isoprene-containing compounds, including sterols, ubiquinone, dolichol, and isopentenylated adenosine. Since the various end products of this pathway have roles in membrane structure, electron transport, glycoprotein biosynthesis, translation, and DNA replication, the level of HMG-CoA reductase activity may coordinate many cellular processes (reviewed in ref. 1) .
In mammalian cells, HMG-CoA reductase is an integral membrane glycoprotein of the endoplasmic reticulum (2) and is encoded by a single gene (3). Many factors affect the level of HMG-CoA reductase activity. High levels of serum cholesterol in the form of low density lipoprotein reduce the steady-state level of HMG-CoA reductase mRNA (4) and also decrease the half-life of the protein (5, 6) . Additional negative feedback regulation results from an as yet unidentified nonsterol product of the pathway (1) . HMG-CoA reductase activity also responds to the diurnal cycle and to several hormones; these responses may be mediated by covalent modification of the enzyme (7) and by allosteric effectors (8, 9) .
A study of the sterol biosynthetic pathway in yeast would be useful in genetically identifying the major in vivo regulators of HMG-CoA reductase and in exploring potential coordinate regulation of HMG-CoA reductase with other enzymes of the pathway (10) . Previous work in yeast has been hampered by the inability to isolate mutations in the gene encoding HMG-CoA reductase (11) . As an alternative approach, gene dosage effects were exploited to isolate a multicopy plasmid containing a fragment of yeast genomic DNA conferring resistance to compactin, a competitive inhibitor of HMG-CoA reductase (12) . Results described below demonstrate that this fragment contains one of two structural genes for HMG-CoA reductase and demonstrate that both genes encode a functional enzyme.
MATERIALS AND METHODS
Strains and Genetic Methods. The strains of Saccharomyces cerevisiae used in these experiments were JRY527, alias YM256 (a ura3-52 his3A200 ade2-101 lys2-801 met-), and JRY543 (a/a ura3-52/ura3-52 his3A200/his3A200 ade2-101/ade2-101 lys2-801/lys2-801 met-IMETI tyr-TYR+), the product of a cross of strains YM256 and YM258, both obtained from M. Johnston. All plasmids were grown in Escherichia coli strain DH1 (13) . Standard genetic manipulations were performed as described (14, 15) . Yeast rich medium containing 2% glucose (YPD), yeast minimal medium containing 2% glucose (YM), and sporulation medium have been described (16 ,ug of denatured salmon sperm DNA per ml, followed by hybridization at 42°C in the same buffer except containing 1 x BFP and denatured radiolabeled probe. The most stringent wash to remove nonspecific hybridization was at 50°C in O.lx SSPE and 0.1% NaDodSO4. Low-stringency hybridization conditions were identical to those above except that prehybridization and hybridization were carried out in 30% formamide and the most stringent wash was at 50°C in 2x SSPE and 0.1% NaDodSO4.
Library Screening. DNA from 60,000 plaques of a yeast genomic library in Xgtll (19) was transferred to nitrocellulose filters. XDS11 containing a cDNA insert encoding Syrian hamster HMG-CoA reductase was a gift from D. Skalnik and R. Simoni (20) . The 3.6-kilobase pair (kbp) EcoRI fragment containing the cDNA insert was cloned into the EcoRl site of pBR322 (21) , generating the plasmid pJR281. The insert fragment was purified, radiolabeled to 1 x 108 cpm per jig of Abbreviations: HMG-CoA reductase, hydroxymethylglutaryl-coenzyme A reductase (NADPH) (3-hydroxy-3-methylglutarylcoenzyme A reductase); kbp, kilobase pair(s); kb, kilobase(s). *To whom reprint requests should be addressed.
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DNA by nick-translation, and used to probe the nitrocellulose filters under conditions of low-stringency hybridization. Phage that gave a positive signal were plaque purified three additional times. Nine different phage were isolated that hybridized to the probe. Two of these phage, designated XMB3 and XMB5, were chosen for further analysis.
DNA Sequencing. To sequence the cross-hybridizing region of HMG1, the 0.57-kbp HindIII-Xba I fragment of pJR59 indicated in Fig. 1 was cloned into the vectors mp18 and mpl9 (22) . Recombinant phage were propagated in E. coli strain JM109 (23) . To sequence the cross-hybridizing region of HMG2, the 4.8-kbp EcoRI fragment containing HMG2 from XMB3 was cloned into the EcoRI site of pUC18 (22), generating pJR322. The 0.38-kbp HindIII-BamHI and 0.75-kbp BamHI-EcoRI fragments of pJR322 indicated in Fig. 1 were cloned into the vectors pEMBL18 and pEMBL19 [constructed by H. Roiha by replacing the polylinker of pEMBL8 and pEMBL9 (24) with that of pUC18 and pUC19]. Recombinant plasmids were propagated in E. coli strain DIH101 (constructed by D. Ish-Horowicz, provided by S. Mount). Single-stranded DNA was prepared and sequenced by the dideoxy terminator method (25) .
Construction of Disruptions in HMG1 and HMG2. The hmgl::L YS2 and hmg2:.HIS3 alleles are diagramed in Fig. 1 5' extensions were made flush with DNA polymerase I Klenow fragment, and full-length linear fragments were isolated and recircularized by blunt-end ligation. The plasmid generated was designated pJR350. To construct the hmg2::HIS3 allele, the 1.0-kbp Bgl II fragment of pJR322 was replaced with the 1.7-kbp BamHI fragment containing HIS3 (28), generating pJR359. The wild-type HMGJ and HMG2 alleles were replaced with the hmgl::L YS2 and hmg2::HIS3 alleles by one-step gene replacement (29) , in which diploid strain JRY543 is transformed with either the EcoRI fragment from pJR350 spanning the L YS2 disruption of HMGJ or the EcoRI fragment from pJR359 spanning the HIS3 disruption of HMG2.
Analysis of Yeast Genomic DNA. Yeast genomic DNA was prepared as described (30) . The DNA was analyzed by gel transfer hybridization experiments.
HMG-CoA Reductase Assay. Extracts were made essentially as described (31) . HMG-CoA reductase activity was measured as described (31) except that the assay volume was 400 ,ul and the assay was performed at room temperature. Protein concentration was estimated as described (32) .
RESULTS
Previously we isolated a fragment of yeast genomic DNA that, when inserted into a multicopy plasmid, confers overproduction of HMG-CoA reductase activity and resistance to compactin, a competitive inhibitor of HMG-CoA reductase (12) . DNA sequence analysis described below indicated the presence of an open reading frame extending from left to right in a region ofDNA encoding a 3.3-kb transcript, implying that transcription is from left to right as shown in Fig. 1 .
If the yeast genomic DNA fragment encodes a structural gene for HMG-CoA reductase, sequence homology might exist between the yeast clone and the coding region of a mammalian HMG-CoA reductase gene. To test this possibility, low-stringency gel transfer hybridization experiments were performed using a radiolabeled cDNA clone encoding Syrian hamster HMG-CoA reductase (Fig. 2) . Hybridization was detected between the hamster cDNA clone and a 0.62-kbp HindIII-Sph I restriction fragment from pJR59 lying within the 3' end of the gene encoding the 3.3-kb transcript. Conversely, a radiolabeled restriction fragment containing this region of pJR59 hybridized to a 1.0-kbp Pvu 5) and pJR281 containing the hamster cDNA insert (lanes [6] [7] [8] [9] [10] were digested with the indicated restriction endonucleases. Fragments were electrophoretically separated on 1.0% agarose gels and transferred to nitrocellulose filters. The filter with lanes 1-5 was hybridized to the radiolabeled 3.6-kbp EcoRI fragment from pJR281. The filter with lanes 6-10 was hybridized to the radiolabeled 1.75-kbp EcoRI fragment from pJR59. Hybridization was performed under conditions of low stringency. (11) .
The growth of Chinese hamster ovary cells lacking HMGCoA reductase activity can be rescued by culturing the cells in a high concentration of mevalonate, the product of the reaction catalyzed by HMG-CoA reductase (35) . In 
